One pot Mannich reaction involving three components (4-fluorobenzaldehyde, aniline, cyclopentanone) was performed using ethanol as a solvent. The resulting Mannich base (FPC) was isolated and further reacted with chloride salts of Cu(II), Ni(II), Co(II), Fe(II) and Zn(II) ions to afford respective metal complexes. The structure of synthesized ligand and transition metal complexes were elucidated on the basis of IR, 1 H NMR, 13 C NMR, mass spectroscopy and elemental analysis. The geometries of the resulting complexes were proposed on the basis of electronic spectroscopic data and magnetic moment. The anti-enzymatic activity of the ligand and its metal complexes were carried out against urease. FPC shows potent antiurease activity with IC 50 value (0.83± 0.002 µM) which is greater than standard. The Cu-complex shows excellent inhibitory action with IC 50 value (16.87± 0.03 µM) while other complexes i.e and 0.01 µM) exhibit good to moderate IC 50 values as compared with control thiourea (IC 50 value, 21.25± 0.15 µM). Molecular docking studies were also done on the antiurease activities of FPC and its complexes.
Mannich reactions are most fascinating routes for the production of nitrogen containing organic molecules [1] [2] [3] . The Mannich base is the end product of Mannich reaction. A typical Mannich reaction consists of three components including an active hydrogen compound (ketone), aldehyde and an amine. Mannich bases have vital importance as intermediate in the production of various natural, medicinal products and catalysts [4] [5] [6] [7] [8] [9] . Chemists are trying to develop environment friendly protocols using harmless catalyst. Calcium chloride has been used to catalyze the Mannich reaction and is a nonvolatile, low price and eco-friendly solid [10] .
The fluorinated Mannich bases have prime importance in the pharmaceutical chemistry due to their therapeutic and pharmacological values [11] . The special character of fluorine (size, electro negativity) has crucial effect in the biological activity for the development of medicinal products. The Mannich bases are considered to be the best candidates with regards to their versatility for complexation with different transition metal ions [12] [13] [14] . Keeping in the view, various characteristics of these Mannich bases, present study was performed to synthesize fluorinated Mannich base and its transition metal complexes which are likely to be highly potent biological active agents. Therefore, a novel Mannich base, 2-[(4-fluorophenyl) (phenylamino)methyl]cyclopentanone (FPC) and its transition metal complexes have been synthesized, characterized and tested for their antibacterial as well as anti-urease activity. 
Synthesis, Characterization and Biological Study of a New Mannich Base, 2-[(4-fluorophenyl)(phenylamino)methyl] cyclopentanone (FPC) and its Transition Metal Complexes with Cu(II), Ni(II), Co(II), Fe(II) and Zn(II)

Biological evaluation
Antiurease assay This assay was carried out according to Berthelot assay with slight modification [16] . A total reaction volume (85 µL) contained 10 µL of 50 mM phosphate buffer (pH 7.0), 10 µL of test compound and 25 µL of jack beans urease (0.015 units). The contents were pre-incubated at 37 ï C for 10 min. Then, 40 µL of 20 mM urea was added to each well and incubation continued at 37 o C for further 10 min followed by pre-read at 625 nm using the 96-well plate reader Synergy HT (Biotek Inc.). Freshly prepared phenol hypochlorite (115µL) reagent was added in each well (by mixing 45 µL phenol reagent with 70 µL of alkali reagent). Incubation was again continued for another 10 min followed by measurement of absorbance at 625 nm. The percentage enzyme inhibition was calculated by the following formula:
IC 50 values of active compounds were determined by measuring activities at further dilutions and the data was computed by using EZ-Fit Enzyme software (PerrellaInc, USA).
Molecular modeling studies
Crystal structure (4ubp) of urease enzyme was retrieved from the Protein Data Bank [17] . The 3D structure of the downloaded protein was prepared by removing the cocrystallized chains (A and C) water molecules and other heteroatoms and ions from the structure using PDB2RECEPTOR utility implemented in Open Eye Scientific Software. For docking simulations of compound-2 Openeye Fred docking tool [18] was used for docking simulations and its FRED Chemgauss4 score was used for ranking the poses of docked compound. Maestro software was used for the drawing and 3D conversion of the structures of synthesized compound. The compound was energy minimized using the molecular mechanics based force field. The binding modes of the compounds were analyzed using the Pymol visualization program [19] .
In vitro antibacterial screening
The synthesized compounds were evaluated for their in-vitro antibacterial activity against Bacillus thuringiensis and Escherichia coli by disc diffusion method [20] . Each compound was used at a concentration of 20 mg/mL in DMSO. The zone of inhibition was measured after 48 h in incubation at 37 o C.
Results and discussions
The physico-analytical informations of FPC and its metalcomplexes are shown in experimental section. All the compounds are stable and colored solid at room temperature. FPC and its metal-complexes are insoluble in common organic solvents and soluble in chloroform, DMSO and DMF. The complexes reflect non-electrolytic nature as revealed by conductometric measurements [21] .
IR spectra
In order to get meaningful information about the connecting modes of FPC to the metal ions in the complexes, IR spectrum of FPC was compared with the spectral data of its metal-complexes. Important peaks at 1116, 1504, 1726 and 3377 cm -1 can be attributed to C-N-C, C=C, C=O and N-H correspondingly [22] [23] [24] . These signals are quite in agreement with our proposed and designed structure of free ligand. The indication of coordination through oxygen of carbonyl and nitrogen of aniline was provided by IR spectra of all the complexes in which the peaks due to C=O were shifted to lower frequencies (1726-1722) while peaks due to C-N-C were shifted to higher frequencies (1162-1190) [25] . Coordination from these sites is further supported by the appearance of some new bands at 445-468 cm -1 and 526-551 cm -1 assignable to M-N and M-O bonds respectively [26] .
NMR spectra
An additional evidence for coordinatining modes of FPC is also given via the 1 H-NMR spectral values of ligand and its complexes. The chemical shifts indicated by 1 H-NMR spectrum of ligand ( fig. 1 ) are given in experimental section, which match very well with the designed structure of ligand. In the metal complexes, the change in chemical shift values of protons attached to C=O and C-N-C groups, confirms the coordination of metal ions through oxygen and nitrogen [27a]. This observation is in consistent with the interpretation of IR spectral data. The different kinds of carbon in ligand are indicated through 13 C-NMR spectral data. All the chemical shifts of the 13 C-spectrum of FPC ( fig. 2 ) and its complexes are given in experimental section and are well in consistent with their proposed structures. The most significant chemical shift is due to carbon of C=O group which is shifted from 162.92 (free ligand) [27be] to 164.53 (for example) in case of nickel complex. This shift support the coordination of C=O group to the metal ions.
Mass spectrum (EI)
EI mass spectrum of FPC was recorded. In the said spectrum ( fig. 3 ), the base peak was observed at 306 which can be attributed to [M + Na] + [28] . Some peaks of other fragments at 284 and 323 were also observed and can be attributed to [M + H] + and [M + K] + respectively. The mass spectra of metal complexes revealed complicated fragmentation and hence their formulae were proposed from elemental analysis. Moreover the geometries of these complexes were elucidated from 
UV/Vis data and Magnetic moment
The electronic spectrum of Cu(II)-FPC complex shows an absorption band at 13176 cm -1 that can be assigned to 2 T 2 ---> 2 E transition of a 4-coordinate tetrahedral geometry. The magnetic moment value (2.16 B.M.) of this complex also support 4-coordinate tetrahedral geometry [29] . The electronic spectrum of Ni(II)-FPC complex exhibits two absorption bands at 11655 cm -1 , 15439 cm -1 assignable to 3 T 1 (F) ---> 3 A 2 (F), 3 T 1 (F) ---> 3 T 1 (P) transitions of tetrahedral environment around nickel ion. Similarly the magnetic moment value (3.31 B.M.) also supports this environment around nickel ion [30] . Electronic spectrum of the Co(II)-FPC complex depicts two allowed transitions at 11753 cm -1 , 17367 cm -1 assignable to 4 A 2 (F)---> 4 T 1 (F) and 4 A 2 (F) ---> 4 T 1 (P) transitions respectively, which are in good agreement with tetrahedral stereochemistry for Co(II) ion. The magnetic moment value of Co(II) complex is at 4.38 B.M. revealing that the Co(II) complex has typically tetrahedral geometry [30] . The electronic spectrum of Fe(II)-FPC complex shows an absorption band at 8560 cm -1 which can be attributed to 5 E ---> 5 T 2 transition of a tetrahedral geometry. The room temperature magnetic moment (4.67 B.M.) corresponds with the tetrahedral symmetry [31] . Zinc complex has d 10 configuration and was found to be diamagnetic. The diamagnetic nature of this complex supports its tetrahedral geometry. Keeping in view the electronic, magnetic and other supportive data as discussed above, following structure for these metal complexes has been proposed.
Biological activity Antiurease activity
The ligand FPC and its metal complexes were screened for their antiurease activities and their IC 50 values were recorded. The best activity IC 50 value 0.83 ± 0.002 was found for free ligand FPC followed by FPC"Cu(II) complex (16.87 ± 0.03 ). The IC 50 value for standard thiourea was noted to be 21.25 ± 0.15 µM which is even higher than free ligand and copper complex. The other complexes exhibit higher IC 50 values and are given in the table 1 and graphically represented in ( fig. 5 ). 
Antibacterial activity
The synthesized compounds were also evaluated for their antibacterial activity against Bacillus thuringiensis and Escherichia coli by disc diffusion method. The zone of inhibition has been tabulated in table 2. The antibacterial activity of all metal complexes was lower than the standard drug, however to some extend enhanced when compared with free ligand.
Molecular docking simulations
The plausible binding mode of the most active metal complex molecule (2) was identified using molecular docking simulations in urease X-rays crystal structure of bacillus pasteurii as shown in (fig. 6 ). The compound docked well at the binding site of the enzyme and yielded high FRED Chemgauss-4 score (-5.964). The Chemgauss-4 scoring function uses the gaussian smoothed potentials to measure the complementarily of ligand poses within the active site. It recognizes the shape, hydrogen bonding between ligand and protein, hydrogen bonding interactions with implicit solvent and metal-chelator interactions. It has been observed that fluoro benzene ring of molecules-2 is making p-p stacking with HIS323 residue of urease along with other hydrophobic interactions with side chains of the residues. Similarly the Cu 2+ in complex with O and N atoms of FPC is directed towards the solvent side, which is in agreement with previously published docking results [32] .
Conclusions
The synthesized scaffolds were screened for their antiurease as well as antibacterial activities. Most of the compounds show inhibitory activity against Bacillus thuringiensis, Escherichia coli and Jack bean urease. It is noteworthy that FPC and FPC-Cu exhibits potent activity to inhibit Jack bean urease with IC 50 values 0.83 ± 0.002 µM and 16.87 ± 0.03 µM respectively which are superior to the standard thiourea with IC 50 value 21.25 ± 0.15 µM. The docking analysis also proved this potential. Additionally, the mild conditions and convenient operation as well as straightforward route made it believable that our method would play an important role in the synthesis of similar scaffolds. It might be helpful in drug designing in future to control the diseases caused by Jack bean urease.
